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NATIONAL FOREWORD 

This Indian Standard which is identical with ISO 9195 : 1992 'Liquid flow measurement \n open 
channels — Sampling and analysis of gravel-bed material' issued by the International Organization for 
Standardization (ISO) was adopted bythe Bureau of Indian Standards on the recommendations of the 
Fluid Flow Measurement Sectional Committee WRD 01 and approval of the Water Resources Division 
Council. 

In the adopted standard, certain conventions are, however, not identical to those used in Indian Standards. 
Attention is especially drawn to the following: 

a) Wherever the words International Standard' appear referring to this standard, they should 
be read as 'Indian Standard'. 

b) Comma (,) has been used as a decimal marker while in Indian Standards, the current 
practice is to use a point (.) as the decimal marker. 

CROSS REFERENCES 

In this adopted standard, the following International Standards have been referred. Read in their 
respective places, the following Indian Standards: 



International 
Standard 

ISO 772: 1988 Liquid flow 
measurement in open channels 
— Vocabulary and symbols 



ISO 4364:1977 Liquid flow 
measurement in open channels 
— Bed material sampling 



Corresponding 
Indian Standard 

IS 1191 :1971 Glossary of 
terms and symbols used in 
connection with the measure- 
ment of liquid flow with a free 
surface (first revision) 



IS 3917:1966 
for scoop type 
samplers 



Specification 
bed material 



Degree of 
Equivalence 

Technically equivalent {IS 1191 : 
1971 is under revision based on 
ISO 772 : 1996 'Hydrometric 
determinations — Vocabulary 
and symbols') 

Technically equivalent {IS 3917 : 
1966 is under revision based on 
ISO 4364:1997 'Measurement 
of liquid flow in open channels — 
Bed material sampling') 
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Indian Standard 

LIQUID FLOW MEASUREMENT IN OPEN 

CHANNELS — SAMPLING AND ANALYSIS 

OF GRAVEL-BED MATERIAL 



1 Scope 

1.1 This Internalionai Standard specifies methods 
for sampling surface and subsurface gravel-bed 
material and the analytical procedures to determine 
the size distribution of gravel-bed material In open 
channels. 

1.2 This International Standard applies to material 
having diameters of 2 mm and over, 

1.3 In practice, gravel-bed material may consist of 
two components: a coarser layer on the surface and 
finer subsurface material. Surface material is par- 
ticularly relevant to Investigations of the initiation of 
bed material movement and flow resistance, while 
subsurface material is mainly relevant to investi- 
gations of bed niaterial transport. This International 
Standard does not attempt to correlate these two 
distinct populations. 

1.4 There are two sampling techniques applicable 
to graded gravel-bed material. One method is to 
collect a definable in situ volume of material which 
Is subsequently dealt with as a bulk sample. The 
second method is to sample material from the sur- 
face using one of several procedures. These two 
methods are discussed separately in this Inter- 
national Standard, and conversion factors are pre- 
sented which are derived from idealized 
homogeneous material. 



2 Normative references 

The following standards contain provisions which, 
through reference in this text, constitute provisions 
of this International Standard. At the time of publi- 
cation, the editions indicated were valid. AM stan- 
dards are subject to revision, and parties to 
agreements based on this International Standard 
are encouraged to investigate the possibility of ap- 
plying the most recent editions of the standards in- 



dicated below. Members of lEC and ISO maintain 
registers of currently valid International Standards. 

ISO 772:1983, Liquid flow measurement in open 
channels — Vocabulary and symbols. 

ISO 4364:1977, Liquid flow measurement in open 
channels — Bed material sampling. 

3 Definitions 

For the purposes of this International Standard, the 
definitions given in ISO 772 apply. 

4 Sampling equipment and procedures 
4.1 Surface samples 

4.1.1 Grid sampling 

A grid is established over the surface of the gravel 
deposit and the pebbles immediately below the grid 
intersection points constitute the sample. Variants 
on this method include the use of a set of regularly 
spaced points, for example footsteps, as grid points 
and collecting the stone immediately underfoot after 
one or more steps, by reaching down with eyes 
closed and collecting the stone first touched by an 
outstretched finger. For small square grid samples, 
less than 1 m^ a vertical photograph can be taken 
of the grid-covered area or a scaled photograph can 
be tgken and a grid applied to the photograph. 

4.1.2 Areal sampling 

All the surface pebbles within a selected area con- 
stitute the sample. If the gravel is exposed above 
water, it can.be marked with spray paint to facilitate 
collection of the surface material. 

4.1.3 Transect sampling 

All the stones exposed under a straight line (wire 
or string) across the sampling area are collected. 
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4.2 Bulk samples 

The samplers described in 4.2.1 to 4.2.4 are illustra- 
tive of the type that has been successfully used for 
bulk sannpling. Actual dimensions of the pipe and 
gravel-cutter samplers may be modified to suit the 
size of material being sampled. 

4.2.1 Pipe sampler 

The sampler consists of a 0,4 m long xO,15 m di- 
ameter open pipe fixed into the bottom of a 
0,5 m high x 0,36 m diameter open-topped barrel 
(see figure!) The pipe, which protrudes 0,26 m be- 
low the base of the barrel, is worked into the gravel 
until the bottom of the barrel is flush with the surface 
of the bed. The material in the pipe can be removed 
by hand or by scoop into the base of the barrel. This 
prevents the fines in the sample from being washed 
away. On completion of sampling, the pipe sampler 
is removed by hand from the bed of the river. The 
sampler, which can be used in up to Q,4 m of water, 
enables the surface and subsurface material to be 
sampled separately. 




0.20 0.40 m 



Figure 1 — Pipe sampler 



4.2.2 Freeze-core sampler 

A 20 mm internal diameter pipe with a fitted point is 
driven into the gravel bed. A tube connected to a 
carbon dioxide gas tank which has exhaust orifices 
is inserted Into the pipe and carbon dioxide is in- 
jected for a few minutes. As it escapes, the expand- 
ing gas chills the pipe which causes the pore water 
near the pipe to freeze. The pipe is removed from 
the bed using a hoist attached to a portable tripod. 
This produces a relatively undisturbed sample of 
bed material about 100 mm to 150 mm in diameter. 
However, at high stream velocities the size of the 



core is reduced due to heat transfer from the flowing 
water. 

4.2.3 Gravel-cutter sampler 

The sampler is made from an open drum 0,4 m long 
and 0.5 m diameter A series of teeth are cut around 
the bottom perimeter and handles are added near 
the top. A rectangular metal sample box, 0,69 m 
long, 0,31 m deep and 0,41 m wide, with one end 
open and with handles on the narrow sides is placed 
on the downstream side of the sampler. The open 
end is curved along one of the 0,41 m sides to match 
the shape of the sampler and has an attached 
curved lip to hook on to it when in position. The op- 
posite side of the box has a 0,16 m x 0,25 m opening 
with a 200 mesh screen across it (see figure 2). 

One or two people work the sampler several centi- 
metres into the bed. Samples of surface and sub- 
surface material can then be collected by hand or 
with scoops. Divers are needed if the sampling 
depth exceeds 0,5 m. If the top of the sampler is 
submerged, the sample box is used for temporary 
storage to minimize the risk of losing fines. The 
screened opening permits a slight current to enter 
and move through the box, so that fines suspended 
during sampling are carried into and retained by the 
sample box together with the scooped material. On 
completion of sampling, the box Is lifted out of the 
water by hand or with a boat winch. 

4.2.4 Gravel excavators 

In boulder-bed channels, large san:)ples are required 
and this necessitates the use of earth excavators or 
similar equipment to obtain the requisite volume of 
sample. 

5 Assfgnmenf of grain sizes 

Once the sample has been collected or photo- 
graphed, it is necessary to assign a linear measure 
of the size of each stone. Generally, the intermedi- 
ate or b-axis of the stone Is used for this purpose 
and it can be measured with square mesh sieves, 
calipers or, in the case of surface samples, from 
photographs, assuming that the b-axis corresponds 
to the smaller visible axis. 

6 Frequency 

After the sampled gravel has been measured, it is 
divided into size classes, each class containing a 
percentage of the original sample. Approximately 
twenty classes are required although it is not 
necessary for them to have a fixed class interval. 
The percentages in each class can also be regarded 
as frequencies of occurrence. There are essentially 
two ways of establishing grain size/frequencies. 
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Sample box 



200 mesh screen 




0,20 0.40 m 



<^ 



Gravei cutter 






Figure 2 — Gravel-cutter sampler 



6.1 Frequency by mass 

The frequency of each size interval is expressed as 
the percentage by mass of the original sample fall- 
ing into the interval. Bulk samples are normally 
analysed in this manner. Surface samples can be 
expressed in this way, although calculations from 
photographs are based on estimates of particle vol- 
umes from size measurements, assuming a con- 
stant density. 

6.2 Frequency by number 

The frequency of each size interval Is expressed as 
the percentage by number of the total number of 
particles in the original sample that fall in the inter- 
val. Surface samples, especially of coarse gravel 
and cobbles, are often analysed in this manner. 

7 Grain size/frequency distributions 
7.1 Surface samples 

Surface gravel samples, irrespective of the type of 
sampling procedure and frequency determination, 
are characteristically log-normally distributed. The 
mean and standard deviation of the logarithmic dis- 
tribution define the frequency distribution and they 



can be obtained by standard statistical procedures 
after transforming all the measurements to log^o 
values. The simplest way of determining the 
characteristics of the logarithmic distribution is to 
construct a cumulative size distribution (percentage 
finer than specified size) and plot this on logarithmic 
(base 10)/normal probability paper. The median 
sample size is equal to the Ig D^q, where D^q is the 
median grain size (in millimetres). 

The sample geometrical standard deviation (s) is 
estimated by 



.^ = y Ig 



or by 






where 84 %, 50 %, and 16 % of the bed material are 
finer than or equal to Dq^ (in millimetres), D^q (in 
millimetres), and7>^6 (•" niillimetres) respectively. 

The cumulative curve can also be used to establish 
the percentage (n) of the bed material finer than or 
equal to any specified grain diameter (/>„ milli- 
metres). />9o. /)84 and /)g5 are commonly used for 
flow resistance investigations. 
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7.2 Bulk samples 

Bulk samples, irrespective of the type of frequency 
classirication, are approximately log-normally dis- 
tributed and often modal. Although there are no 
simple statistical procedures for defining such dis- 
tributions, values of grain diameter {D„ millimetres), 
which are less than or equal to n per cent of the 
sample can be obtained from a cumulative grain 
size curve. Typical values used in sediment trans- 
port investigations are 7^35, D^o and D^^. 

8 Selection of sampling procedure 

The following clauses are intended to give general 
guidance only. Specific investigations may require 
particular siting. 

8.1 Selection of site 

The first step in site selection is to delineate a 
homogeneous reach. This reach is defined by 
morphologic characteristics and is usually at least 
one meander wavelength, two pools and rtffles, or 
50 channel widths in length. 

Within a homogeneous reach, specific sites should 
be located for sampling of the coarser material, as 
this is associated with the channel-forming pro- 
cesses and sediment transport. In order of priority 
(see figure 3) such sites are: 

a) near the upstream end of centrally located fea- 
tures such as mid-channel bars, diamond bars, 
and diagonal bars; 

b) near the upstream end of a point bar; 

c) near the upstream end of a channel side bar; 

d) at the head of a riffie (normally for smaller 
streams). 

Consistency of sampling procedures and sampled 
sedimentary environments is essential. 



surface matenal larger than 20 mm to be estimated 
without disturbing its structure, allows rapid field 
survey, and can be used in clear water to a depth 
of 0,5 m. 

8.2.1.2 Areal sampling procedures can be used 
underwater, to a maximum depth of about 0,5 m, 
and on exposed gravel bars. 

8.2.1.3 Transect sampling Is restricted to use on 
exposed gravel bars. 



8.2.2 Bulk samples 



8.2.2.1 Pipe samplers, descnbed in 4.2.1, can b0 
used only in water up to a depth of 0,4 m. The di- 
ameter of the pipe restricts the use of the sampler 
to a particular size range of material. A pipe diam- 
eter of 0,15 m is generally suitable for sampling 
gravel finer than 50 mm (see 9.2). 

8.2.2.2 Freeze core samplers can be used In water 
at depths of up to 0,6 m and are best suited for 
gravel and finer material. The method Is ideal for the 
investigation of sedimentary structures as the sam- 
ple is relatively undisturbed. 

8.2.2.3 Gravel-cutter samplers can be used in wa- 
ter at depths up to 1,0 m and at velocities as high 
as 1,5 ms \ The larger diameter of this type of 
sampler (up to 0,5 m) enables it to be used for 
coarser bed material. A maximum Intermediate di- 
ameter of approximately 150 mm can be sampled 
with the 0,5 m diameter sampler (see 9.2). 

8.2.2.4 Gravel excavators are generally required 
when the maximum size of the matenal to be sam- 
pled has an intermediate diameter in excess of 
150 mm. 



8.2 Sampling 

The choice of sampling procedure is dependent on 
the characteristics of the bed matenal, the fiow 
depth, the requirements of the survey, and the time 
available. 

8.2.1 Surface samples 

8.2.1.1 Grid sampling can be earned out on ex- 
posed gravel-bars and, using pacing techniques, for 
collecting stones in water up to about 1 m deep. Use 
of photographic techniques enables the size of the 



8.2.3 Conversion factors 

The relation between the different methods of sam- 
pling has been established for the Idealized case of 
densely packed cubes in random arrangement (ta- 
ble 1). This indicates that the grid sample by number 
frequency method will be equivalent to the bulk 
sample by mass frequency procedure, provided that 
the surface layer Is a random slice through the 
population of matenal being sampled. Actual con- 
version factors will depend on the shape of the ma- 
terial and the degree to which a coarser layer has 
developed on the surface. 
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Figure 3 - Sampling site selection hierarchy 



IS 15124 : 2002 
ISO 9195 : 1992 



Table 1 — Weighting factors for conversion of sampling procedures 
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Table 2 — Student's t values at 95 % confidence level for various Initial sample sizes 



Student's / value 
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9 Determination of sample size 

The size of sample required is dependent on the 
sampling procedure, the variable size of the bed 
material in the area to be sampled, and the desired 
accuracy. The initial samples, which are used to 
assess the sampling requirements, should be rep- 
resentative of the range of bed material sizes found 
in the reach. 



9.1 Surface samples 

9.1.1 Grid sampling 

For gttd sampling, the number of stones (A^g) re- 
quired to obtain an acceptable level of accuracy for 
the sample mean for a reach of channel at the 
95 % confidence level Is given by: 



N„ 



(^y 



where 

5g is the standard deviation of the initial 
sample of bed material of size (/) (see 
7.1) (log units); 

t is the value of Student's t determined 

from table 2 given the initial number of 
stones sampled {/); 

d the acceptable error, In logarithmic units, 
is the difference between the sample 
mean (x) and the population mean (f). 

The standard deviation of most surface gravel-bed 
material, using a grid sampling procedure and an 
initial sample of 100 stones, ranges between 0,15 
and 0,45. Taking an average value of 0,3, a sample 
size of 100 is required to obtain an accuracy of 
± 15 % (i.e. «/== ± Ig 1,15) for the sample mean at 
the 95 % confidence level. 
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The size of sample required to obtain an acceptable 
level of accuracy for a sample D„ value for a given 
reach of channel must be obtained in a slightly dif- 
ferent manner. A number of samples {p) each con- 
taining (q) stones are first obtained from within the 
reach. Graphically determine the I>„ value (in milli- 
metres) (see 7.1) for each sample, and calculate the 
standard deviation Sp (in millimetres) of the sample 
D„ values. This is defined by: 

where D„ is the mean of the p sample D„ values. 

The number of samples (A^^) ^ach containing {q) 
stones required to obtain an acceptable level of ac- 
curacy at the 95 % conftdence level, for the sample 
I)„ value for the reach is given by: 



-(^y 



where 
d 



the acceptable error, is the difference 
between the sample and the population 
I\ values (in millimetres) for the reach; 

is the value of Student's i determined 
from table 2 given the initial number of 
samples (p). 



The tolal number of stones that needs to be sampled 
is defmed by (qN^), 

Using photographic methods, the number of grid 
squares that require to be photographed to obtain a 
prescribed level of accuracy for D„ values (in milli- 
metres) is obtained as follows. A number of grid 
photographs (k) are taken from within the reach and 
the /)„ values (in millimetres) are graphically deter- 
mined (see 7.1) for each photographed grid. The 
standard deviation s^ (in millimetres) of the sample 
/)„ values is defined by: 



E(^n-'>») 



7V\2 



•^== 



1-1 



(^-1) 



where D„ is the mean of the k sample D„ values. 

The number of grid photographs (A^,) required to 
obtain an acceptable level of accuracy at the 95 % 
confidence level for the sample D„ value for the 
reach is derived from: 



N, 



<^)' 



where 



the acceptable error, is the difference 
between the sample and population D„ 
values (in millimetres) for the reach; 

is the value of Student's t determined 
from table 2 given the initial number of 
grid photographs (k). 



No general rule exists for the number of grids to be 
photographed. It depends on the variability of bed 
material within the reach. 



9.1.2 Areal sampling 

Care needs to be exercised in the selection of the 
size of the square sampling area. This should be at 
least eight times the surface area of the largest ex- 
posed material. Failure to observe this rule could 
lead to a sample bias towards the larger fraction. 

The removal of all the surface stones from a selec- 
ted area defines the population of that area. To de- 
nne the size characteristics of the surface bed 
material of a reach of channel it would be impracti- 
cal to measure all the stones In the reach. Instead, 
it is necessary to determine the number of equal 
size square areas required to obtain an acceptable 
level of accuracy for the sample D„ value for the 
reach. 

To calculate the required sample size it is first 
necessary to sample a number (v) of equal sized 
squares from within the reach. Graphically deter- 
mine the D„ value (in millimetres) (see 7.1) for each 
square sampled, and calculate the standard devi- 
ation .^a (in millimetres) of the sample D„ values. This 
is defined by: 



fV\2 



Y.{^n-f\) 



i=-~ 1 



(v-1) 

where J)„ is the mean of the v sample I\ values. 

The number of sample squares (N^) required to ob- 
tain an acceptable level of accuracy for the sample 
I\ value for the reach, at the 95 % confidence level, 
is given by: 



-(^y 



where 
d 



the acceptable error, is the difference 
between the sample and the population 
/)„ values (in millimetres) for the reach; 

is the value of Student's t determined 
from table 2 given the initial number of 
sample squares (v). 



IS 15124 : 2002 
ISO 9195 : 1992 



No general rule exists on the number of squares 
required, as it depends on their size and the local 
variability of bed material size within the reach. 



9.1 .3 Transect sampling 

The measurement of all stones lying on a randomly 
selected straight line transect defines the population 
for that transect. To define the surface bed material 
size characteristics of a reach of channel it is 
necessary to determine the number of transects re- 
quired to obtain an acceptable level of accuracy for 
the sample D„ value for the reach. 

To calculate the required sample size it is first 
necessary to sample a number (w) of equal length 
transects from within the reach. Then graphicaMy 
determine the D„ value (in millimetres) (see 7.1) for 
each transect sample, and calculate the standard 
deviation ^t (in millimetres) of the sample D„ values. 
This Is defined by: 

w 

where T>„ is the mean of the w sample D„ values. 

The number of transects (Nt) required to obtain an 
acceptable level of accuracy for the sample D„ value 
for the reach, at the 95 % confidence level, is given 
by: 



M 



where 



(^y 



d the acceptable error, is the difference 
between the sample and population D„ 
values (in millrmetres) for the reach; 

t is the value of Student's t determined 

from table 2 given the initial number of 
transect samples (w). 

No general rule exists for the number of transects 
required, as it depends on the local variability of bed 
material size within the reach. 



9,2 Bulk samples 

To avoid sample bias towards the larger fraction, the 
largest stone in a single bulk sample should be less 
than 3 % of the total sample mass. 

A single bulk sample taken from the bed using a 
sampler similar to those described in 4.2 is unlikely 
to be representative of the material making up the 
reach under investigation. The problem is to define 
the number of equal volume samples required to 



obtain an acceptable level of accuracy for the sam- 
ple />„ value for the reach. 

To calculate the required sample size It is first 
necessary to sample a number (x) of equal volume 
bulk samples from within the reach. Graphically de- 
termine the D„ value (in millimetres) (see 7.2) for 
each bulk sample, and calculate the standard devi- 
ation ^5 (in millimetres) of the sample D„ values. This 
is defined by: 



7\\^ 



Y.V\-')n) 



I- 1 



(x-1) 
where J)„ is the mean of the x sample D„ values. 

The number of bulk samples (A^^) required to obtain 
an acceptable level of accuracy for the sample D„ 
value for the reach, at the 95 % confidence level, is 
given by: 



--m 



where 

d the acceptable error, is the difference 
between the sample and population D„ 
values (in millimetres) for the reach; 

( is the value of Student's t determined 

from table 2 given the initial number of 
bulk samples (x). 

No general rule exists for the number of bulk sam- 
ples required as it depends on the local variability 
of bed material size within the reach. 

10 Errors 

10.1 Surface sampling 

The direct measurement techniques outlined in 4.1 
are essentially for surface material larger than 
4 mm intermediate diameter. If the area to be sam- 
pled contains a significant amount of surface ma- 
terial less than this size, inaccuracies will arise. In 
these circumstances it is advisable to use bulk 
sampling procedures as described in ISO 4364. 

With photographic methods, inaccuracies are likely 
to occur with material smaller than 20 mm. Alterna- 
tive surface sampling procedures are recommended 
in these circumstances. 

10.1.1 Sampling procedures 

Grid sampling, based on the use of pacing and the 
collection of the stone first touched. Is potentially 
less accurate than the other procedures. Operator 
bias can be introduced in the choice of stone if there 
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are alternatives. However, there is evidence to show 
that there are no significant differences between 
operators and between samples within operators for 
a sample size of 100, provided the "no looking" rule 
Is observed. 

10.1.2 "Grain" size measurement 

The choice of techniques for measuring the inter- 
mediate axis of the stone can lead to systematic 
differences between results. Sieve squares produce 
a smaller stone size measurement than calipers, 
because the stone passes through the sieve square 
diagonally. The effect of this on the grain size fre- 
quency distribution depends on the shape of the 
stones. 



As bulk samples are generally sieved to determine 
the grain size distribution, it Is appropriate to use a 
comparable method for measuring the size of indi- 
vidual stones. 

Indirect grain size measurements obtained from 
photographs are prone to error, particularly if the 
deposits are strongly embedded. In these circum- 
stances, the smallest visible axis, which is assumed 
to be the Intermediate axis, will be smaller than its 
real value. Conversely, systematic overestimation 
of grain size characteristics can occur if estimates 
of particle volumes and masses are based on the 
size of the visible axes. The degree of over- 
estimation depends on the shape of the stones. 
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